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1
VARIABLE VALVE TIMING CONTROL
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Japanese Patent Application 2013-159409,
filed on Jul. 31, 2013, the entire content of which is
incorporated herein by reference.

TECHNICAL FIELD

This disclosure generally relates to a variable valve timing
control apparatus.

BACKGROUND DISCUSSION

A known variable valve timing control apparatus for
controlling a relative rotation phase of a driven-side rotation
member relative to a driving-side rotation member that
rotates in synchronization with a crankshaft of an internal
combustion engine may include an intermediate lock mecha-
nism. The intermediate lock mechanism is configured to
lock the aforementioned relative rotation phase at an inter-
mediate phase positioned in a range between a most retarded
angle phase and a most advanced angle phase (i.e., the
intermediate lock mechanism is in a locked state). Such
variable valve timing control apparatus is disclosed in
JP2011-256772A which will be hereinafter referred to as
Reference 1. The variable valve timing control apparatus
disclosed in Reference 1 includes the driven-side rotation
member arranged to be coaxial with the driving-side rotation
member and integrally rotating with a camshaft for opening
and closing a valve of the internal combustion engine, fluid
chambers defined between the driving-side rotation member
and the driven-side rotation member, and partition portions
provided at the driven-side rotation member, each of the
partition portions dividing each of the fluid chambers into an
advanced angle chamber and a retarded angle chamber. The
driving-side rotation member is disposed to be sandwiched
between a plate-formed sprocket and a plate-formed cover
and tightened by bolts.

At a time when the engine is started or the engine is
restarted from a failure state including an engine stall, for
example, the intermediate lock mechanism may be in an
unlocked state in which the locked state is released so that
each of the partition portions is positioned in the vicinity of
the most retarded angle phase or the most advanced angle
phase. At this time, because the engine is started after once
the engine is stopped, almost no oil exists in the fluid
chambers. As a result, the camshaft repeatedly rotates in an
advanced angle direction and a retarded angle direction by
receiving a reaction force from an intake valve or an exhaust
valve, which causes the partition portions provided at the
driven-side rotation member to repeatedly and strongly
make contact with side walls of the fluid chambers. A
contact position between each of the partition portions and
the side wall of each of the fluid chambers may be thus
fluctuated, which may cause the most retarded angle phase
and the most advanced angle phase to deviate from original
phases that are specified beforehand.

Therefore, according to Reference 1, in order to avoid
direct contact between the partition portions and the side
walls of the fluid chambers, a first protrusion portion that
protrudes in the retarded angle direction is formed at one of
the partition portions while a second protrusion portion that
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protrudes in the advanced angle direction is formed at
another one of the partition portions. In a case where the
relative rotation phase reaches the most retarded angle
phase, the first protrusion portion makes contact with one of
the bolt while, in a case where the relative rotation phase
reaches the most advanced angle phase, the second protru-
sion portion makes contact with another one of the bolts.

According to the aforementioned variable valve timing
control apparatus, the first and second protrusion portions
are formed at the partition portions, and also corresponding
recess portions may be formed at the side walls of the fluid
chambers so that the protrusion portions are fitted to the
recess portions, which may lead to complicated configura-
tions of the driving-side rotation member and the driven-side
rotation member. In addition, because a contact area
between the bolt in a bar form and the protrusion portion is
relatively small, a contact portion of the protrusion portion
relative to the bolt may be deformed and a tightening portion
of the bolt may change or fluctuate by repeat contact
between the bolt and the protrusion portion. The most
retarded angle phase and the most advanced angle phase
may still deviate from the respective phases that are speci-
fied beforehand.

Accordingly, in a case where each of the most retarded
angle phase and the most advanced angle phase as a basis for
controlling the relative rotation phase deviates or fluctuates,
the relative rotation phase is not appropriately controlled.

A need thus exists for a variable valve timing control
apparatus which is not susceptible to the drawback men-
tioned above.

SUMMARY

According to an aspect of this disclosure, a variable valve
timing control apparatus includes a driving-side rotation
member rotating in synchronization with a crankshaft of an
internal combustion engine, a driven-side rotation member
arranged to be coaxial with the driving-side rotation member
and integrally rotating with a camshaft for opening and
closing a valve of the internal combustion engine, an inter-
mediate lock mechanism being selectively switchable
between a locked state in which a relative rotation phase of
the driven-side rotation member relative to the driving-side
rotation member is locked at an intermediate lock phase
between a most advanced angle phase and a most retarded
angle phase and an unlocked state in which the locked state
is released, a plurality of hydraulic chambers formed
between the driving-side rotation member and the driven-
side rotation member, at least one of the plurality of hydrau-
lic chambers being positioned at a lower side than an axis of
the camshaft, a plurality of partition portions provided at one
of the driving-side rotation member and the driven-side
rotation member, each of the plurality of partition portions
dividing each of the hydraulic chambers into an advanced
angle chamber and a retarded angle chamber, an electro-
magnetic valve including a supply and discharge port that is
positioned at an upper side than the axis of the camshaft and
switching supply and discharge of fluid relative to the
hydraulic chambers, and a pump supplying fluid to the
electromagnetic valve.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the
following detailed description considered with the reference
to the accompanying drawings, wherein:
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FIG. 1 is a cross-sectional side view schematically illus-
trating a variable valve timing control apparatus according
to a first embodiment disclosed here;

FIG. 2 is a cross-sectional view taken along line II-II in
FIG. 1 and illustrating a locked state of an intermediate lock
mechanism;

FIG. 3 is a cross-sectional view illustrating a relative
rotation phase at a most retarded angle side in a case where
an engine is started;

FIG. 4 is a cross-sectional side view illustrating a second
operation state of an OCV;

FIG. 5 is a cross-sectional side view illustrating a third
operation state of the OCV;

FIG. 6 is a cross-sectional side view schematically illus-
trating the variable valve timing control apparatus according
to a second embodiment disclosed here; and

FIG. 7 is a cross-sectional side view schematically illus-
trating the variable valve timing control apparatus according
to a third embodiment disclosed here;

DETAILED DESCRIPTION

Embodiments will be explained below. The embodiments
are not limited to include the configurations described below
and may be appropriately changed or modified.

A first embodiment will be explained with reference to the
attached drawings. As illustrated in FIGS. 1 and 2, a variable
valve timing control apparatus according to the first embodi-
ment includes an outer rotor 10 serving as a driving-side
rotation member, an inner rotor 20 serving as a driven-side
rotation member, and an intermediate lock mechanism L that
locks a relative rotation between the outer rotor 10 and the
inner rotor 20. The outer rotor 10 rotates in synchronization
with a crankshaft 1 of an engine E serving as an internal
combustion engine via a power transmission member 2. The
inner rotor 20 is connected to a camshaft 3 for opening and
closing an intake valve in a combustion chamber of the
engine E. The inner rotor 20 is arranged to be coaxial with
a rotation axis (an axis) X of the outer rotor 10 (which
corresponds to an axis of the camshaft 30) so as to be
rotatable relative to the outer rotor 10. The intermediate lock
mechanism L is selectively switchable between a locked
state in which a relative rotation phase of the inner rotor 20
relative to the outer rotor 10 is locked at an intermediate lock
phase between a most retarded angle phase and a most
advanced angle phase as illustrated in FIG. 2 and an
unlocked state in which the locked state at the intermediate
lock phase is released as illustrated in FIG. 3.

The outer rotor 10 and the inner rotor 20 are arranged and
sandwiched between a front plate 4 that is disposed at a front
position and a rear plate 5 that is disposed opposite from the
front plate 4 (i.e., positioned at a side facing the engine E).
Connection bolts 6 each of which serves as a tightening
member penetrate through the outer rotor 10 from the front
plate 4 to be threadedly engaged with the rear plate 5 so that
the outer rotor 10 and the inner rotor 20 are connected to
each other.

A sprocket 5S on which the power transmission member
2 formed by a timing chain, for example, is wound is
integrally formed at an outer periphery of the rear plate 5. A
torsion spring 7 is disposed between the front plate 4 and the
inner rotor 20 so as to bias the inner rotor 20 in an advanced
angle direction S1. A fixation bolt 8 that connects and fixes
the inner rotor 20 to the camshaft 3 is arranged to be coaxial
with the axis X. A portion of an advanced angle oil passage
25 is formed at an outer peripheral side of the fixation bolt
8.
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As illustrated in FIG. 2, the outer rotor 10 in a cylindrical
form includes plural division portions 12 projecting radially
inwardly from an outer peripheral portion 11 so as to form
four oil chambers R each of which serves as an example of
a hydraulic chamber. The oil chambers R are formed in a
dispersed manner in a state where each of the oil chambers
R is disposed between the adjacent division portions 12.
Therefore, even in a case where the outer rotor 10 rotates via
the power transmission member 2, at least one of the oil
chambers R is disposed at a lower side than the axis X of the
camshaft 3. In the embodiment, the number of 0il chambers
R is four but the number is not limited to four and may be
appropriately changed.

The inner rotor 20 includes plural vane portions 22 each
of which serves as an example of a partition portion and
protrudes radially outwardly from a body portion 21 in a
column form. The plural oil chambers R are divided by the
plural vanes 22. Specifically, each of the oil chambers R is
divided into and formed by an advanced angle chamber R1
in a counterclockwise direction relative to the vane portion
22 and a retarded angle chamber R2 in a clockwise direction
relative to the vane portion 22. In addition, the outer rotor 10
and the inner rotor 20 are relatively rotatable to each other
within a range where the vane portion 22 is movable in the
oil chamber R. The vane portions 22 may be formed at the
outer rotor 10 while the division portions 12 may be formed
at the inner rotor 20.

The outer rotor 10 is driven to rotate in a direction S in
FIG. 2 by the power transmission member 2. In a case where
oil serving as an example of operation fluid or fluid is
supplied to the advanced angle chambers R1, the relative
rotation phase of the inner rotor 20 relative to the outer rotor
10 is changed or shifted in the advanced angle direction S1.
In a case where oil is supplied to the retarded angle cham-
bers R2, the relative rotation phase of the inner rotor 20
relative to the outer rotor 10 is changed or shifted in a
retarded angle direction S2. A seal 23 is provided at a
projection end of each of the vane portions 22 so as to make
contact with an inner peripheral surface of the outer rotor 10.
A contact surface 128 is formed at the division portion 12 so
as to make contact with the vane portion 22 in a case where
the relative rotation phase is specified at the most retarded
angle phase as illustrated in FIG. 3. A groove is formed so
that oil from the advanced angle oil passage 25 is supplied
to between the contact surface 12S and the vane portion 22
in a state where the division portion 12 and the vane portion
22 are in contact with each other. In the same way, a groove
is formed so that oil from a retarded angle oil passage 26 is
supplied to between a side surface of the division portion 12
and the vane portion 22 in a case where the relative rotation
phase is specified at the most advanced angle phase.

As illustrated in FIGS. 2 and 3, the intermediate lock
mechanism [ includes a lock pin 31 serving as a lock
member that is provided at one of the plural vane portions
22 formed at the inner rotor 20. The lock pin 31 is project-
able and retractable along the axis X. The intermediate lock
mechanism L also includes a lock recess portion 32 formed
at the rear plate 5 so that the lock pin 31 engages with the
lock recess portion 32, and a lock spring that biases the lock
pin 31 in a direction where the lock pin 31 engages with the
lock recess portion 32. In the present embodiment, the lock
pin 31 is provided at the vane portion 22 formed in a block
form. Alternatively, the lock pin 31 may be provided at the
vane portion 22 formed in a plate form. In addition, the lock
pin 31 may be formed at the division portion 12 while the
lock recess portion 32 may be formed at the inner rotor 20,
and the lock pin 31 may engage with the lock recess portion
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32 in a direction orthogonal to the axis X. Further, two or
more of the intermediate lock mechanisms [. may be pro-
vided.

The intermediate lock phase is specified at a substantially
center phase between the most retarded angle phase and the
most advanced angle phase so that the engine E is operated
with improved fuel efficiency. In a case where oil is supplied
to the intermediate lock mechanism L after the engine E is
started so that the intermediate lock mechanism L is brought
to the unlocked state as the lock pin 31 is separated and
removed from the lock recess portion 32, the relative rota-
tion phase of the inner rotor 20 relative to the outer rotor 10
may be arbitrarily specified. In a case where the engine E is
stopped, the relative rotation phase is changed to the inter-
mediate lock phase and the lock pin 31 moves to the lock
recess portion 32 by a biasing force of the lock spring, which
leads to the locked state of the intermediate lock mechanism
L.

As illustrated in FIG. 1, a supply and discharge port for
advanced angle chamber (which will be hereinafter referred
to as an advanced angle supply and discharge port) 51a and
a supply and discharge port for retarded angle chamber
(which will be hereinafter referred to as a retarded angle
supply and discharge port) S1c are provided at an upper side
than the axis X of the camshaft 3. A relative rotation valve
serving as an oil control valve (which will be hereinafter
referred to as an OCV) is formed to extend in a direction
orthogonal to the axis X. The OCV is configured to choose
either the advanced angle chambers R1 or the retarded angle
chambers R2 to switch supply and discharge of oil relative
to the corresponding chambers. In addition, an intermediate
lock valve serving as an oil switching valve (which will be
hereinafter referred to as an OSV) is formed along the axis
X at a lower side than the axis X of the camshaft 3. The OSV
controls supply and discharge of oil relative to the interme-
diate lock mechanism L. The OCV and the OSV are inserted
to be positioned within a cam cap 41 and a cylinder head 42
each of which serves as a static member. The position of the
OSV is not specified and the OSV may be arranged at a
portion where the OSV does not interfere with the OCV or
other members.

Each of the OCV and OSV serves as an electromagnetic
valve. The OCV includes a spool 52 inserted to be posi-
tioned within a valve body 51, a spring 53 biasing the spool
52, and an electromagnetic solenoid 54 including a known
configuration to drive the spool 52. The OSV also includes
a spool, a spring, and an electromagnetic solenoid. In the
embodiment, a hydraulic pump P serving as a single pump
is provided to supply oil to the OCV and the OSV from an
oil pan 9. The hydraulic pump P is not limited to a single
pump and plural pumps may be provided to supply oil
separately to the OCV and the OSV.

Each of the OCV and the OSV is controlled on a basis of
a control signal from an engine control unit (ECU). The
ECU specifies a target relative rotation phase based on a
detection signal from a phase sensor for detecting the
relative rotation phase between the outer rotor 10 and the
inner rotor 20 and/or a speed sensor for detecting a rotation
speed of the engine E, for example, and outputs the control
signal to each of the OCV and the OSV.

According to the aforementioned control, the relative
rotation phase of the inner rotor 20 relative to the outer rotor
10 is changed or shifted to thereby control an opening and
closing timing of the intake valve that is controlled to open
and close by the rotation of the camshaft 3.

As illustrated in FIG. 1, the spool 52 of the OCV includes
a cylindrical form with a bottom, specifically, a lower
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portion of the spool 52 in a vertical direction corresponding
to the orthogonal direction relative to the axis X is opened.
A discharge groove for advanced angle chamber, which will
be hereinafter referred to as an advanced angle discharge
groove 52a, and an annular groove for supply, which will be
hereinafter referred to as a supply annular groove 5254, are
formed in parallel to each other as annular grooves at an
outer periphery of the spool 52. The advanced angle supply
and discharge port 51a, a supply port 515, the retarded angle
supply and discharge port 51c¢, and a discharge port 514 are
formed at the valve body 51. The advanced angle supply and
discharge port 51a is selectively connected or communi-
cated to either the advanced angle discharge groove 52a or
the supply annular groove 52b. The supply port 515 is
connected to the supply annular groove 52b. The retarded
angle supply and discharge port S1c is selectively connected
to either the supply annular groove 525 or a void formed at
a lower portion of the spool 52. The discharge port 514 is
formed at a lower portion of the valve body 51 in the vertical
direction. A discharge bore 52d is formed at the advanced
angle discharge groove 52a of the spool 52 so that the
advanced angle supply and discharge port 51a is connected
to the discharge bore 52d. Oil is thus discharged to the
outside via the discharge port 514 by flowing through a
hollow inner portion of the spool 52. The retarded angle
supply and discharge port 51c¢ is directly connected to the
discharge port 514 so that oil is discharged to the outside.
The OSV is configured to perform supply and discharge of
oil relative to the intermediate lock mechanism L.

Oil suctioned by the hydraulic pump P from the oil pan 9
is diverged to a supply oil passage for OCV (which will be
hereinafter referred to as an OCV supply oil passage 55q)
and a supply oil passage for OSV (which will be hereinafter
referred to as an OSV supply oil passage 555) and supplied
to the OCV and the OSV respectively.

As illustrated in FIG. 2, the advanced angle oil passage 25
connected to the advanced angle chambers R1, the retarded
angle oil passage 26 connected to the retarded angle cham-
bers R2, and a lock release oil passage 27 are formed at the
inner rotor 20. As illustrated in FIG. 1, the aforementioned
oil passages 25, 26, and 27 are connected to an oil passage
formed at an inner portion of the camshaft 3 and connected
to the OCV and the OSV from an outer surface of the
camshaft 3. In addition, recess portions 43 each of which
serves as a half-annular void and an example of a fluid
reservoir portion are formed at the cam cap 41 in a connec-
tion portion between the camshaft 3 and the cam cap 41. The
recess portions 43, which include a function for storing oil,
are disposed at a lower side than the advanced angle supply
and discharge port 51a and the retarded angle supply and
discharge port 51c¢ and at an upper side than the axis X of the
camshaft 3. The recess portions 43 may be formed at the
camshaft 3 in the connection portion between the camshaft
3 and the cam cap 41.

At timing when the locked state of the intermediate lock
mechanism L is released, an oil pressure may not be suffi-
ciently applied to the advanced angle chambers R1 for
changing the relative rotation phase. Alternatively, in a case
where the engine E is stopped in the unlocked state of the
intermediate lock mechanism L (i.e., failure state such as
engine stall, for example), the oil pressure for shifting the
intermediate lock mechanism L to the locked state is unable
to be supplied in the early stage of restart of the engine E.
Under such circumstances, the vane portions 22 greatly
move or swing in the retarded angle direction relative to the
axis X by a reaction force received by the camshaft 3 from
a valve spring of the intake valve and acting in an opposite
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direction from the rotation direction S. Therefore, in a case
where the relative rotation phase is at the most retarded
angle side as illustrated in FIG. 3, the vane portion 22 may
repeatedly and strongly make contact with the contact
surface 128 of the division portion 12. As a result, defor-
mation of the vane portion 22 and position error or deviation
of'the division portion 12 may occur. Such incident may also
occur in a state where the relative rotation phase is at the
most advanced angle side. Because the vane portions 22 that
greatly move or swing in the retarded angle direction and the
torsion spring 7 that biases the vane portions 22 (the inner
rotor 20) in the advanced angle direction attempt to achieve
a balance, each of the vane portions 22 moves unstably, i.e.,
moves in a reciprocating manner, to thereby repeatedly and
strongly make contact with the side surface of the division
portion 12.

In a case where the engine E is stopped, the hydraulic
pump P is also stopped. Thus, a pressure from the hydraulic
pump P is inhibited from being applied to oil that remains at
the advanced angle oil passage 25 and the retarded angle oil
passage 26. Oil is simply discharged by its own weight to the
outside. In the present embodiment, the advanced angle
supply and discharge port 51a and the retarded angle supply
and discharge port 51¢ of the OCV are provided at the upper
side than the axis X of the camshaft 3. Thus, the OCV is
disposed at the upper side than at least one of the oil
chambers R. That is, some of oil that remains at the
advanced angle oil passage 25 and the retarded angle oil
passage 26 is inhibited from being discharged because of
hydraulic head difference between the OCV and at least one
of the oil chambers R. As a result, oil is returned to the
advanced angle chambers R1 and the retarded angle cham-
bers R2 to remain thereat. In a case where the vane portion
22 moves in a direction to make contact with the contact
surface 128 of the division portion 12 at the start of the
engine E, oil disposed between the vane portion 22 and the
contact surface 12S functions as a damper. Thereafter,
because the oil pressure for shifting the relative rotation
phase is sufficiently supplied to the oil chambers R after an
elapse of certain amount of time, the repeat contact between
the vane portion 22 and the contact surface 12S of the
division portion 12 is further securely inhibited. Accord-
ingly, oil remains at the oil chambers R until sufficient oil
pressure is applied to the oil chambers R from the engine
start so as to restrain the contact between the vane portions
22 and the division portions 12.

In addition, in the present embodiment, the recess portion
43 is formed at a substantially halfway portion of each of the
advanced angle oil passage 25 and the retarded angle oil
passage 26, which secures a large amount of oil to return to
the oil chambers R. In order to securely return oil stored at
the recess portions 43 to the oil chambers R, the recess
portions 43 may be desirably formed closer to the oil
chambers R relative to an uppermost portion of each of the
advanced angle oil passage 25 and the retarded angle oil
passage 26.

In a case where an electric power is not supplied to the
electromagnetic solenoid 54 of the OCV, the spool 52 is held
in a first operation state as illustrated in FIG. 1 by a biasing
force of the spring 53. In the first operation state, the
advanced angle supply and discharge port 51la and the
supply port 515 are connected to each other. In addition, the
retarded angle supply and discharge port 51¢ and the dis-
charge port 514 are connected to each other. That is, in the
first operation state of the OCV, oil is supplied to the
advanced angle chambers R1 and oil at the retarded angle
chambers R2 is discharged to the outside.
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In a case where a predetermined level of power is supplied
to the electromagnetic solenoid 54, the spool 52 moves by
a magnetic force of the electromagnetic solenoid 54 to be
held in a second operation state as illustrated in FIG. 4. In
the second operation state, the advanced angle supply and
discharge port 51a and the retarded angle supply and dis-
charge port 51c¢ are both inhibited from being connected to
the annular grooves (52a and 524) and thus are blocked.
That is, in the second operation state of the OCV, supply and
discharge of oil relative to the advanced angle chambers R1
and the retarded angle chambers R2 are interrupted.

In a case where a maximum power is supplied to the
electromagnetic solenoid 54, the spool 52 further moves by
the electromagnetic force of the electromagnetic solenoid 54
s0 as to be held in a third operation state as illustrated in FIG.
5. In the third operation state, the advanced angle supply and
discharge port 51a and the discharge port 51d are connected
to each other and the retarded angle supply and discharge
port 51¢ and the supply port 515 are connected to each other.
That is, in the third operation state of the OCV, oil at the
advanced angle chambers R1 is released and oil is supplied
to the retarded angle chambers R2.

In the variable valve timing control apparatus of the
present embodiment, in a case where the engine E is
operated, the OCV is controlled among in the first, second
and third operation states so as to obtain appropriate fuel
efficiency depending on a load state and a speed of the
engine E. On the other hand, in a state where the engine E
is stopped, the hydraulic pump P is stopped and the power
supply to the OCV is terminated so that the OCV is retained
in the first operation state. At this time, the advanced angle
chambers R1 are connected to the supply port 516 of the
OCV while the retarded angle chambers R2 are connected
the discharge port 514 of the OCV. In the aforementioned
state, in a case where oil remains at the OCV supply oil
passage 55a between the hydraulic pump P and the OCV, oil
at the advanced angle oil passage 25 may be pulled back to
the OCV because of viscosity of oil at the OCV supply oil
passage 55a. In this case, oil is inhibited from remaining at
the advanced angle chambers R1 at the start of the engine E.
In a case where the vane portion 22 moves in the direction
to make contact with the contact surface 128 of the division
portion 12, a desired damper effect cannot be exercised.

Therefore, in the present embodiment, after the stop of the
engine E, the predetermined level of power is supplied to the
OCYV for a predetermined time period to hold the OCV in the
second operation state so that the advanced angle supply and
discharge port 51a and the retarded angle supply and dis-
charge port 51c¢ are blocked. That is, the communication
between the advanced angle oil passage 25 and the OCV
supply oil passage 55a is interrupted to inhibit oil at the
advanced angle oil passage 25 from being pulled back to the
OCV. In addition, oil at the OCV supply oil passage 55a is
discharged to the oil pan 9 by its own weight. As a result, air
enters the OCV supply oil passage 55a where substantially
no oil exits. Afterwards, even when the power supply to the
OCV is stopped, oil at the advanced angle oil passage 25 is
inhibited from being discharged because of hydraulic head
difference between the OCV and at least one of the oil
chambers R. Until sufficient oil pressure is supplied to the oil
chambers R from the engine start, oil that remains at the oil
chambers R may restrain the contact between the vane
portions 22 and the division portions 12.

A time period during which oil at the OCV supply oil
passage 55a is discharged to the oil pan 9 depends on
temperature of oil. Thus, a time period during which the
predetermined level of power is supplied to the OCV may be
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specified so that oil at the OCV supply oil passage 55q is
eliminated, specifically, reduced down to a substantially
upper position of the axis X of the camshaft 3. The con-
figuration of the OCV is not limited to the above and may
be appropriately changed, for example, the first operation
state and the third operation state may be reversed. Any
electromagnetic valve may be acceptable as long as the first
operation state, the second operation state, and the third
operation state are obtained and controlled.

A second embodiment will be explained next. A different
configuration of the second embodiment from the first
embodiment is explained with reference to FIG. 6. The same
components and members in the second embodiment as
those of the first embodiment bear the same reference
numerals as the first embodiment.

In the second embodiment, the advanced angle supply and
discharge port 51a and the retarded angle supply and dis-
charge port 51c are positioned at the upper side than all of
the oil chambers R. Thus, oil may remain at all of the oil
chambers R by hydraulic head difference between the OCV
and each of the oil chambers R. As compared to a case where
oil remains at only the oil chamber R that is positioned at the
lower side than the axis X as in the first embodiment, the
damper effect of oil may be obtained at all of the oil
chambers R in the second embodiment. Therefore, the
contact between the vane portions 22 and the division
portions 12 may be further restrained.

In addition, even though the advanced angle supply and
discharge port 51a and the retarded angle supply and dis-
charge port 51¢ are provided at the upper side than all the oil
chambers R, the OCV is arranged along the axis X, which
may reduce size of the camshaft 3 in a shaft radial direction.
Further, the OSV may be efficiently disposed at a space
between the OCV and the camshaft 3.

A third embodiment will be explained with reference to
FIG. 7. A different configuration of the third embodiment
from the first embodiment will be explained. The same
components and members in the third embodiment as those
of the first embodiment bear the same reference numerals as
the first embodiment.

In the third embodiment, a known check valve, i.e., a
check valve 56, is provided at the OCV supply oil passage
55a from the hydraulic pump P to the OCV for allowing
supply of oil from the hydraulic pump P to the OCV and
prohibiting discharge of oil from the OCV to the hydraulic
pump P. As explained in the first embodiment, in a case
where oil remains at the OCV supply oil passage 554, oil at
the advanced angle oil passage 25 may be pulled back to the
OCV because of viscosity of oil at the OCV supply oil
passage 55a. Nevertheless, in a case where the engine E is
stopped, the check valve 56 prohibits oil at the advanced
angle oil passage 25 from being discharged to the oil pan 9
via the hydraulic pump P. Thus, oil may remain between the
OCV and the oil chambers R by hydraulic head difference
between the OCV and the oil chamber R.

The check valve 56 may be provided at a common supply
oil passage from the hydraulic pump P to a portion before the
OCYV supply oil passage 554 and the OSV supply oil passage
55b.

The variable valve timing control apparatus in the afore-
mentioned embodiments may be configured to control an
opening and closing timing of not only an intake valve but
also an exhaust valve. In addition, in the embodiments, after
the stop of the engine E, the electromagnetic solenoid 54 is
powered to block the advanced angle supply and discharge
port 51a and the retarded angle supply and discharge port
51c¢ for the predetermined time period. Nevertheless, such
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control for blocking the advanced angle supply and dis-
charge port 51a and the retarded angle supply and discharge
port 51c¢ is not necessary. Even in this case, because of
hydraulic head difference between the OCV and the oil
chamber R, 0il may remain at the advanced angle oil passage
25 and the retarded angle oil passage 26 in some degree.
Further, in a case where the electromagnetic solenoid 54 is
not powered, the OCV may block the advanced angle supply
and discharge port 51a and the retarded angle supply and
discharge port 51c¢. Furthermore, in a case where the elec-
tromagnetic solenoid 54 is not powered, the retarded angle
chambers R2 and the OCV supply oil passage 55a may be
connected to remain oil only at the advanced angle oil
passage 25. In this case, because oil securely remains at the
advanced angle chambers R1, an influence caused by the
vane portions 22 greatly moving or swinging in the retarded
angle direction by a reaction force received by the camshaft
3 may be specifically reduced. Furthermore, in the embodi-
ments, the recess portions 43 serving as the fluid reservoir
portions are formed at the connection portion between the
camshaft 3 and the cam cap 41. At this time, the recess
portions 43 may be formed at other portion than the con-
nection portion. In the embodiments, the recess portions 43
are formed at the respective halfway portions of the
advanced angle oil passage 25 and the retarded angle oil
passage 26. Alternatively, the recess portion 43 may be
formed at either the advanced angle oil passage 25 or the
retarded angle oil passage 26, or the recess portion 43 may
not be provided.

The embodiments are applicable to a variable valve
timing control apparatus of an internal combustion engine
for an automobile or the like, for example.

According to the aforementioned embodiments, at the
start of the engine E or the restart of the engine E from a
failure state such as an engine stall, for example, the relative
rotation phase is inhibited from being locked at the inter-
mediate lock phase in a case where the relative rotation
phase is arranged in the vicinity of the most retarded angle
phase or the most advanced angle phase. Thus, the camshaft
3 moves or swings by receiving a reaction force from an
intake valve or an exhaust valve so that the vane portions 22
repeatedly and strongly make contact with the side walls of
the oil chambers R.

According to the embodiments, the advanced angle sup-
ply and discharge port 51a and the retarded angle supply and
discharge port 51¢ of the OCV for supply and discharge oil
relative to the oil chambers R are positioned at the upper side
than the center (i.e., the axis X) of the camshaft 3. Thus, at
least one of the oil chambers R is positioned at the lower side
than the advanced angle supply and discharge port 51a and
the retarded angle supply and discharge port 51¢ of the OCV.
That is, at the stop of the engine E, oil in the oil chambers
R is likely to remain between the oil chambers R and the
advanced angle supply and discharge port 51a and the
retarded angle supply and discharge port 51¢ of the OCV
because of hydraulic head difference between the OCV and
at least one of the oil chambers R, and oil is not completely
discharged. That is, even in a state where a discharge
pressure of the hydraulic pump P is low when the engine E
is restarted form a failure state, for example, oil may remain
at at least one of the oil chambers R. In a case where the
camshaft 3 rotates or swings, oil at the oil chamber R
functions as damper to inhibit a direct contact between the
vane portions 22 and the side walls of the oil chambers R at
the most advanced angle side or the most retarded angle
side. Accordingly, without complication of configurations of
the inner rotor 20 and the outer rotor 10, a phase fluctuation
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of the most advanced angle or the most retarded angle as a
basis for the relative rotation phase may be inhibited.

In the second embodiment, the advanced angle supply and
discharge port 51a and the retarded angle supply and dis-
charge port 51c are positioned at the upper side than all of
the oil chambers R.

Accordingly, oil is likely to remain at all of the oil
chambers R. Thus, oil disposed between the vane portions
22 and the side walls of the oil chambers R remain in
dispersed manner, which may further enhance the damper
effect. The direct contact between the vane portions 22 and
the side walls of the oil chambers R may be further inhibited.

In addition, in the embodiments, the variable valve timing
control apparatus further includes the recess portions 43 that
store fluid, the recess portions 43 being positioned at the
lower side than the advanced angle supply and discharge
port 51a and the retarded angle supply and discharge port
51c and at the upper side than the axis X of the camshaft 3.

In a case where the engine E is stopped, a large volume
of oil that remains between the oil chambers R and the
advanced angle supply and discharge port 51la and the
retarded angle supply and discharge port 51¢ of the OCV is
stored by the recess portions 43. That is, at the start of the
engine E, a large volume of oil is pulled back to the oil
chambers R by hydraulic head difference between the recess
portions 43 and at least one of the oil chambers R. Thus, the
damper effect is enhanced by a large volume of oil to
securely inhibit the direct contact between the vane portions
22 and the side walls of the oil chambers R. The recess
portions 43 may be formed at the connection portion
between the camshaft 3 and the cam cap 41 on the oil
passage from the OCV to the oil chambers R. The inner rotor
20 and the outer rotor 10 are configured without complica-
tion accordingly.

In the embodiments, the OCV blocks the advanced angle
supply and discharge port 51a and the retarded angle supply
and discharge port 51c¢ for the predetermined time period in
a case where the engine E is stopped.

In a case where the engine E is stopped, oil that remains
between the oil chambers R and the advanced angle supply
and discharge port 51a and the retarded angle supply and
discharge port 51c of the OCV may be pulled back to the
OCV by oil viscosity in association with returning of oil that
remains between the OCV and the hydraulic pump P to the
hydraulic pump P, and may be discharged to the outside. In
the embodiments, the advanced angle supply and discharge
port 51a and the retarded angle supply and discharge port
51c are blocked for the predetermined time period. Thus,
while oil that exists between the OCV and the hydraulic
pump P is being discharged to the outside by its own weight,
oil positioned closer to the oil chambers R relative to the
OCV may be retained within the oil passage. Oil that exists
between the oil chambers R and the advanced angle supply
and discharge port 51a and the retarded angle supply and
discharge port 51c¢ of the OCV may securely remain to
thereby inhibit the direct contact between the vane portions
22 and the side walls of the oil chambers R.
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The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the
foregoing specification. However, the invention which is
intended to be protected is not to be construed as limited to
the particular embodiments disclosed. Further, the embodi-
ments described herein are to be regarded as illustrative
rather than restrictive. Variations and changes may be made
by others, and equivalents employed, without departing
from the spirit of the present invention. Accordingly, it is
expressly intended that all such variations, changes and
equivalents which fall within the spirit and scope of the
present invention as defined in the claims, be embraced
thereby.

The invention claimed is:

1. A variable valve timing control apparatus comprising:

a driving-side rotation member rotating in synchroniza-
tion with a crankshaft of an internal combustion engine;

a driven-side rotation member arranged to be coaxial with
the driving-side rotation member and integrally rotat-
ing with a camshaft for opening and closing a valve of
the internal combustion engine;

an intermediate lock mechanism being selectively swit-
chable between a locked state in which a relative
rotation phase of the driven-side rotation member rela-
tive to the driving-side rotation member is locked at an
intermediate lock phase between a most advanced
angle phase and a most retarded angle phase and an
unlocked state in which the locked state is released;

a plurality of hydraulic chambers formed between the
driving-side rotation member and the driven-side rota-
tion member, at least one of the plurality of hydraulic
chambers being positioned at a lower side than an axis
of the camshatt;

a plurality of partition portions provided at one of the
driving-side rotation member and the driven-side rota-
tion member, each of the plurality of partition portions
dividing each of the hydraulic chambers into an
advanced angle chamber and a retarded angle chamber;

an electromagnetic valve including a supply and dis-
charge port that is positioned at an upper side of the
axis of the camshaft and switching supply and dis-
charge of fluid relative to the hydraulic chambers;

a cam cap above the axis of the camshaft, the fixing
member fixing a position of the electromagnetic valve;

a liquid reservoir portion that stores the fluid, the liquid
reservoir portion being formed in the cam cap, the
liquid reservoir portion being located above the axis of
the camshaft and lower than the supply and discharge
port; and

a pump supplying fluid to the electromagnetic valve.

2. The variable valve timing control apparatus according
to claim 1, wherein the supply and discharge port is posi-
tioned at an upper side than all of the hydraulic chambers.

3. The variable valve timing control apparatus according
to claim 1, wherein the electromagnetic valve blocks the
supply and discharge port for a predetermined time period in
a case where the internal combustion engine is stopped.
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